ABSTRACT
INTRODUCTION
Signal processing and filtering is, in its modest way, is an attempt to find a better form for a set of information, either by reshaping it or filtering out selected parts that are sometimes labelled as noise. In other words, signal processing allows us to uncover a form of the signal that is closer to the true signal. It is well known from Fourier theory that a signal can be expressed as the sum of a, possibly infinite, series of sine and cosine. This sum is also referred to as a Fourier expansion. The main disadvantage of a Fourier expansion however, is that it has only frequency resolution and no time resolution [1] . This means that although all the frequencies present in a signal can be determined, the presence of disturbances in time is not known. To overcome this problem, several solutions have been developed to represent a signal in the time and frequency domains at the same time. The wavelet transform or wavelet analysis is one of the most recent solutions to overcome the shortcomings of the Fourier transform. In the wavelet analysis, the use of a fully scalable modulated window solves the signal-cutting problem. The window is shifted along the signal and for every position the spectrum is calculated. This process is then repeated many times with a slightly shorter or longer window for every new cycle. In the end, the result will be a collection of time-frequency representations of the signal, all with different resolutions. In this paper, a time and frequency analysis based on the Continuous Wavelet Transform (CWT) is applied for the detection of voltage sag events recorded in three phase networks. The mother wavelets selected in the evaluation study are the Meyer, Mexican Hat, Morlet, Haar and Gauss wavelets.
WAVELET TRANSFORM
Wavelet transform (WT), which initially is applied for image and data compression, is now widely used for signal processing and classification of power quality disturbances [2] . It provides time-frequency representation of a signal. In most cases, it may be beneficial to know the time intervals for a particular spectral component occurring at any instant in the signal. The WT is capable of providing the time and frequency information simultaneously, hence giving the time-frequency representation of the signal.
Unlike the Fourier Transform (FT), the WT is very important in analyzing non-stationary signals. The core component for the WT is called the wavelet function. A wavelet is defined as a function that is oscillatory, has a zero mean, and decays quickly to zero. Compared to Fourier analysis with a single basis function, wavelet analysis uses basis functions of a wide functional form. Wavelet can be chosen with very desirable frequency and time characteristics. The term wavelet means a small wave. The smallness refers to the condition that this window function is of finite length, which is compactly supported. The wave refers to the condition that this function is oscillatory.
The basic concept in wavelet analysis is to select an appropriate wavelet function, called mother wavelet, and then perform transforms and analysis using translation and dilated versions of the mother wavelet [3] . These transforms can now reveal the changing of the weighted averages of a given signal over different scales and center time. The CWT is more preferred for signal analysis, feature extraction and detection tasks. The DWT is obviously more adequate whenever it is desirable to perform some kind of data reduction, or when the orthogonality of the representation is an important factor. Unlike the discrete wavelet transform, the CWT can operate at every scale, from that of the original signal up to some maximum scale that we determine by trading off our need for detailed analysis with available computational horsepower. The CWT is also continuous in terms of shifting: during computation, the analyzing wavelet is shifted smoothly over the full domain of the analyzed function. The CWT can also be adopted for harmonic analysis because of its ability to preserve phase information [4] . In this paper, the CWT will be used for the detection of voltage sags in three phase networks.
Continuous Wavelet Transform
The CWT was developed as an alternative approach to the FT to overcome the time-frequency resolution problem. The CWT analysis is done in a similar way to the Fourier transform analysis, in the sense that the signal is multiplied with a function known as mother wavelet, similar to the window function in the Short Time Fourier Transform (STFT), and the transform is computed separately for different segments of the time-domain signal.
The CWT has much in common with the STFT. The main difference is that the windowing function of the CWT shifts frequency by scaling rather than modulating. A CWT is used to divide a continuous-time function into wavelets. Unlike Fourier transform, the CWT possesses the ability to construct a time-frequency representation of a signal that offers very good time and frequency localization. In mathematics, the continuous wavelet transform of a continuous, square-integrable function x(t) is expressed by the following integral: 
Mother Wavelet
All the wavelets are generated from a single basic wavelet ψ(t), the so-called mother wavelet, by scaling and translation:
The 's' in equation (2) is the scale factor, τ is the translation factor and the factor s -1/2 is for energy normalization across the different scales. The term mother implies that the functions with different region of support that are used in the transformation process are derived from one main function (mother wavelet). In other words, the mother wavelet is a prototype for generating the other window functions.
Each mother wavelet has its own characteristics and will project different types of resolutions. The mother wavelets selected would serve as prototypes for all windows in the process. All the windows that are used are the dilated and shifted versions of the original mother wavelet functions. The common question commonly asked on Wavelet Transform is, which mother wavelet function generates the best resolution for detection of power quality disturbances. In this paper, these mother wavelets -Meyer, Mexican Hat, Morlet, Gauss wavelets, will be evaluated. These wavelet functions are shown in Figures 1 to 3 .
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RESULTS & DISCUSSION
Two studies were conducted to evaluate the use of CWT for the detection of fifty-two voltage sag events. The first study was based on visual inspection of the CWT contour plots whereas the second study was based on the features described in Table 1 . The features are based on the standard mathematical indices i.e. the maximum values, minimum values, standard deviation and mean values of the wavelet coefficients. 
CONCLUSION
In this paper, the performance of the CWT in the detection of power quality disturbances was presented. From the studies conducted, it was confirmed that the accuracy of the CWT in the detection of voltage sags depended on the selection of the mother wavelet functions. The selection of a mother wavelet that closely matches the signal is important in the detection of voltage sags. Generally, all the mother wavelets gave clear resolutions of the contours and high coefficient magnitudes during voltage sag occurrences. However, based on the features extracted from CWT, it was noted that the Gauss wavelet function gave the highest accuracy in the detection of voltage sag events in three phase networks.
